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CHAPTER I
INTRODUCTION
Since education is to foster the creative, not the
parasitic mind, 1 the role of art education is to lead by
providing new experiments and experiences.

PURPOSE
The purpose of this paper is to describe, explain
and conclude a series of experiments in search of the
development of a clay body that would have the characteristics of:

(1) vitrifying at Cone

4,

yet be refractory enough

to withstand the heat; and (2) being plastic so that it works
well on the wheel.

Additional study involved the experimen-

tation of glazes on the clay bodies with the hopes of finding
some to fit.

The factors determining the use of clays that

are economical and easily accessible to Central Washington
College of Education were also considered.
REASON
Two main reasons prompted these series of experiments:
economical and educational.
1Eliel Saarinen, Search for Form (New York:
Publishing Corporation, 1948), P:-1:---

Reinhold

2

A practical look at the possibilities of finding an
inexpensive Cone

4 ware

seemed possible to the experimenter.

To evolve a blend from clays that were economical with clays
that would give the desired characteristics seemed evident
as both of these types of elays are available at Central
Washington College of Education.
Because creative education involves revealing new
experiences, it was hoped that a small experiment in the
field of clay research might prove useful to Central
Washington College of Education.
SCOPE
The limits of this study were bound by the triangle
of:

the number of clays available; time; and kiln conditions.

The clays that Central Washington College of Education presented gave the limit to the variety of commercial clays
used.

From any number of combinations possible, twenty-six

were decided upon for these experiments.

By following

Aristotle's law of association, one group of clays in a blend
suggested, from their composition, the mixture of other
combinations.
Cone

4 after

An electric Dickinson kiln, that reached
one day and one night firing schedule, set the

limit for an oxidizing kiln condition.
Each of the blends was tested for wet and dry properties before firing:

plasticity and the amount of water

3
needed to make each plastic; linear shrinkage; and color
and texture.

After firing at Cone

measured for characteristics:

4,

each body was again

total linear shrinkage;

apparent vitrification by the amount of water absorption;
color; and glaze fit.

METHOD OF RESEARCH
In order to carry out the plan to develop a satisfactory Cone

4 ware,

a method of empirical research had to

be followed by reviewing past pertinent data, and by carrying out new experiments.

PREVIEW OF THESIS ORGANIZATION
This paper will develop from the purpose to the
conclusions in the following order:

a review of relevant

material from a library research is given in Chapter II;
a description of the materials used in the present experiments follows in Chapter III; the original research is then
described in Chapter IV; and finally, the conclusions are
drawn in Chapter V.

CHAPTER II
REVIEW IN FIELD OF STUDY
REVIEW OF CLAY EXPERIMENTS
Library research into literature that would reveal
experiments of blends of clays from the same group of
materials as those that were used in the present experiment
proved negative.
By examining ceramic-related periodicals, publications, theses, mimeographed workshop reports, the writer
found the following related experiments.
At Central Washington College of Education in the
summer workshop of

1955

conducted by Carlton Ball, experi-

ments were carried out on a series of clay blends that
included some of the clays in the present experiment.
blends were tested at Cone 2 and Cone
at Cone

4.

Four blends (Numbers

The

6, but were not tested

6, 7, 8, 9) that were listed

on the chart but were not tested, are included in the present
study.

Clay body Numbers 12 and 21 were also tested in the

present experiments.

It was noted that from the workshop

chart, the samples that had a large percentage of Clayton
clay had a high degree of water absorption indicating that
the body had not been close to vitrification at Cone
Those samples that had less than

15

6.

per cent Kentucky Ball

5
were judged as being short on the wheel. 1
A few theses from the University of Washington were
examined.
Johnson gave a list of the available desposits of
silica in the State of Washington.

He revealed that in

Washington, flint may be secured from Seattle, Spokane,
Tacoma, Olympia and Yakima, thus cutting down the cost of
transporting flint from out of the state. 2
Gangler ran a series of experiments on a Cone 3 whiteware, made of glass cullet, pyrophyllite and ball clay.

The

ware produced proved that ball clay was detrimental to the
translucency of the whiteware.

Artificial plastics had to

be introdueed.3
Bennett gave evidence in his thesis that low temperature bodies lost their plasticity if a high content of talc
existed unless the talc was calcined.4
1carlton Ball, "Clay Tests" (Ellensburg: Pottery
Class, Central Washington College of Education, Summer, 1955).
(Photographed sheet.)
2 Maurice H. Johnson, "Design of a Flat Glass Plant"
(unpublished Master's thesis, The University of Washington,
Seattle, 1950), p. 33.
3James J. Gangler, "Development of a Low Temperature
Whiteware Body from Northwest Materials" (unpublished Master's
thesis, The University of Washington, Seattle, 1943), p. 7.
4Albert L. Bennett "Development of Selenium Red
Glazes and of Tale Bodies• (unpublished Master's thesis,
The University of Washington, Seattle, 1938), p. 10.

6
Further research for the description and characteristies of clay proved necessary and is summarized in Chapter III
of the present work.
REVIEW OF GLAZE EXPERIMENTS
Since the specific body compositions of the present
study had not been reviewed before, tests of glazes concerning these bodies had not been duplicated.

The need to show

the development and composition of a glaze was evident to
the writer; that is, the effect of a glaze fault should be
judged by the composition of the ·glaze and body in relation
to the firing conditions.

Research on this aspect of glazing

is given in the present paper in the second part of Chapter
III.

Further research on glaze tests gave the evidence
that, in order to correct the fault of crazing, the silica
content of a body should be increased.5
Stull and Radcliff presented interesting theories
in relation to boric acid glazes:

boric acid should be

added to a glaze with an oxygen ratio greater than 1 to 2

5R. c. Purdy, "Seger's Rules for Correction of Glaze
Defects by Changing the Body," p. 120; s. G. Burt, "The
Coefficient of Expansion of Silica,• p. 149; A. Heath,
"The Crazing of English Earthenware," pp. 209-70,
Literature Abstracts of Ceramic Glazes, J. H. Koenig, and
W. H. Earhart, editors (Philadelphia: College Offset Press,
1951).

7
in order to produee an opalescent effect and non-crazing;
the opalescence is caused by the precipitation of some of
6
the silica.
Further data that gave the description of the materials used in the present glaze experiments are reviewed
in Chapter III.

~. T. Stull and B. S. Radcliff, "Opalescence and the
Function of Borio Aoid in the Glaze," Literature Abstracts
of Ceramic Glazes, J. H. Koenig, and W. H. Earhart, editors
lPhiladelphia: College Offset Press, 1951), pp. 123-24.

CHAPTER III
DESCRIPTION OF MATERIALS AND TESTS
Since these experiments dealt with clay blends, a
description of clay, the kinds of clays and their characteristics is necessary.

RAW CLAY MATERIALS
Clay, because of its peculiar properties, is essential
to the potter and valuable to industry.

The outstanding

characteristic of clay is its ability to take form from
pressure while it is in the plastic state; retain that shape
after pressure is released; and through firing keep the same
shape but undergo a chemical change so that it becomes hard
and dense.

This characteristic and other properties of the

different stages of a clay body can be seen by taking a clay
through its life history.
In the wet state, clay has a degree of plasticity.
Kaolins are termed short because they are low in plastic
qualities, while on the other hand ball clays are noted for
this quality.

Plasticity is caused by the particle size

of the clay grains and the amount of organic matter incorporated within the clay.

The fine grains of clay allow water,

when it is added, to form a film around each causing the
particles to stick together by molecular attraction.

The

9
process of wedging clay helps make it more plastic by
realigning the flat particles next to each other.
The size of the particles of clay also affect the
amount of water absorption; the more water a clay can absorb
the more plastic it becomes.

Bentonite carries this quality

to an extreme becoming so slippery that it is used as a
lubricant comm.erically.l
Water absorption in turn affects the amount of dry
shrinkage and firing shrinkage.

Clays that need more than
30 per cent are apt to crack on drying. 2
On firing, clay changes its characteristics.

At the

temperature of J.1+8° to 238° F. the mechanical water is driven

oft.3

At 572° F. the clay has changed forever its ability to

be plastic again, and between 752° and J.472° F. the oxidation
takes place burning off all carbonaceous matter.

Depending

on the materials present, vitrification takes place at
1750° F. and above.

In this incipient fusion the glass melts

lHarold Nash, "The Nature of Clay" (lecture course
given at College of Applied Arts, University of Cincinnati,
Cincinnati, Ohio, 1942J.
2E. H. Norton, Elements of Ceramics (Cam.bridge:
Addison-Wesley Press, Incorporated, 1952), p. 24.
3sheldon L. Glo.ver, Clays and Shales of Washington,
Division of Geology, State of Washington Department of Conservation and Development, Bulletin 24 (Olympia: Olympia
State Printing Plant, 1941), p. 27.
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and knits the silica and alumina together along with the
growth of crystalline structures.

After the clay is fired

it has become durable; it resists heat, is impervious to
acids and water.
Clay may be classified according to geologic origin
and according to use in the ceramic industry.
Pure clay is a

hydrous-aluminum-silicate.~

It is a

breakdown of feldspathie rock by weathering and chemical
action into two general groups, residual clay deposits and
transported clay deposits.

The breakdown into various types

of clay from their geologic origin can best be seen by
Table I, and Table II shows the classification aeeording to
use in ceramies.5

For further clarification the clays may

be grouped into the five classifications:

kaolins, ball

clays, fire clays, stoneware, and earthenware.

Each has

its characteristic properties.
The kaolins (from the Chinese Kao-ling referring to
a hill near Ching-ta Chen) are a high-fire, white burning
clay. 6

4naniel Rhodes, "Clay: Firing Characteristics" (lecture given at University of Southern California, Los Angeles,
California, June 1, 1955).

5Norton,

.2.E· cit., p. 20.

~uth M. Holmes, Ceramics for the Potter {Peoria:
Charles A. Bennett Company, Incorporated, 19S2), p. 12.
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TABLE I
CLASSIFICATION OF CLAYS ACCORDING TO ORIGIN

Origin

Process

, Clay Result

12
TABLE I (continued)

Clay Result

Process

Origin

deposited in
still water,
little or no
current action
seas, lakes,
bogs, etc.

Argi llaee ous
products of
shale
ordinary
weathering { Argillaceous
silt

Sedimentary
kaolin
products of
ordinary
weathering
with intensive chemical
action

Transported
Matter

Ball clay
Some bauxite
Coal-formation
clay
Dia spore

deposited by
slowly moving
waters, streams
e s tuari es, e te •

Siliceous
products of
shale
grinding with
some weather-{ Siliceous
ing
silt

deposited by
glacial
action

products of
abrasion with Glacial clay
slight
-or till
weathering

deposited by
winds

products of
abrasion with -Loess
slight
weathering
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TABLE II
CLASSIFICATION OF CLAYS ACCORDING TO USE

I.

II.

III.

White burning clays (used in whiteware)
A. Kaolins
1. Residual
2. Sedimentary
B. Ball clays
Refractory clays (having a fusion point above 1600
but not necessarily white burning)
A. Kaolins (sedimentary)
B. Fire clays
1. Flint
2. Plastic
C. High alumina clays
1. Gibbsi te
2. Diaspore
Heavy clay-products clays (of low plasticity but containing fluxes)
A. Paving brick clays and shales
B. Sewer-pipe clays and shales
c. Brick and hollow tile clays and shales

IV.

Stoneware clays (plastic, containing fluxes)

v.

Brick clays (plastic, containing iron oxide)
A. Terra-cotta clays
B. Face and comm.on brick

VI.

Slip clays (containing more iron oxide)

11+
The pure kaolins are of a residual origin, but the
sedimentary kaolins have a finer texture.

Vitrification

occurs between Cone 33 and Cone 34; 3165° F. and 3200° F.,
giving a hard dense body that makes it waterproof and impervious to acids.7
Ball clays deriving their name from their ability to
stick together into a lump when dug out of the ground, have
high plastic qualities that are desired by the potter.
plasticity also means a high shrinkage rate.

This

Ball clays in

their sedimentation have picked carbonaceous matter causing,
with their fineness of particles, the great plasticity and
the dark color in the raw clay.

Their firing range varies.

Fire-clays, another high-fire group that, because of
the predominate iron impurities present, burn a buff color
and or have black spots.

As the name suggests these are

used for fire bricks and seggars to protect other ware during firing.
Cone

Fire-clays crumble easily in the fired state.8

34, 3200° F., is the top range for first class fire

bricks, while third rate bricks will vitrify at Cone 23,
temperature 2876° F.9
Stoneware clays follow, usually having a firing range

7Ibid., p. 31.

8Nash, loc. cit.

9Norbert A. Lange (comp., ed.), Handbook of Chemistr~
(Sandusky: Handbook Publishers, Incorporated, 1934), p. 62 •
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below the kaolins.

They are similar to the fire-clays in

that they do not burn white, but they have a finer texture.
Most of the pottery produced that is stoneware is a body
from a blend· of clays rather than a natural occurring clay.
Though not as dense or as strong as the kaolins, stoneware
fired to the vitrification point produces a body that is
waterproof and acid resistant without the need of a glaze. 10
Stoneware may be fired from Cones 4 to 10, with the temperatures ranging from 2174° to 2381° F., respectively.11
Earthenware has the characteristic of being porous.
A fired piece, such as a flower pot, cannot hold water
without a glaze coating.

This same porosity allows it to

be used for sculpture work as shrinkage, as well as the
danger of cracking is reduced.12 Earthenware does not become vitrified at the firing range of Cone 07 to Cone

5,

1814° to 2201° F., but burns the color of the clay buff to
red, brown or black.13
Besides the natural clays, some compounds and minerals
were used in these experiments to develop the test clay bodies.
A list of the clays available at Central Washington College
of Education is given in Table III and a short description
of the characteristics of these clays and the other compounds
and minerals follows.

10iJolme s, .2.:2• cit., p. 31.
12Rhode s, loc. cit.

llLange,

13Holme s, .2.:2.

.12£. cit.

ill• , p. 60.
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TABLE III

COMMERCIAL CLAYS AT CENTRAL WASHINGTON
COLLEGE OF EDUCATION
Plant or Wholesale Distributor

Location

Price*

Los

$5.00

Clay

Number

E. P. Kaolin

1

6.oo

Butcher China

2

9.00

Cornish Stone

3

Denver,
Colorado

7.00

Denver Fire

4

Bartel Co.

Seattle,
Wash.

4.00

A. P. Green Fire

5

L. H. Butcher Co.

Los
Angeles

3 .oo

Diatomaeeous
Earth

6

L. H. Butcher Co.

Los
Angeles

8.oo

Kentucky Ball,
Old Mine #4

7

L. H. Butcher Co.

Los
Angeles

9.00

Alberhi 11 Red

8

Western Ceramics
Supply Co.

San Franciseo

6.50

Western Ceramics
Red

9

Mineral Products

Bell,

3.85

Mineral Products

10

Se at t le ,
Wash.

5. 00

Lincoln Green
Stripe

11

L. H. Butcher Co.

Angeles

L. H. Butcher Co.

Los
Angeles

L. H. Butcher Co.

Los
Angeles

Denver Fire Clay

Co.

Calif.

Gladding McBean

*Price approximate for 100 pounds as stated by each
company.
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TABLE III (continued)
Plant or Wholesale Distributor

Location

Price*

Francis Ford

Seattle,
Wash.

$6.oo

L. H. Butcher Co.

Los
Angeles

L. H. Butcher Co.

Clay

Number

Kent

12

7.00

Bentonite

13

Los
Angeles

8.oo

Buckingham. Spar

Manufactures
Minerals

Seattle,
Wash.

4.00

Western Spar

15

Washington Brick
and Lime

Spokane

N.S.

Clayton

16

*Price approximate for 100 pounds as stated by each
company. N.S. - not for sale.
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Kentucky Ball Clay, Old Mine Number 4 is, as the name
suggests, a ball clay.

Because of this it is a very impor-

tant and helpful ingredient in most clay mixtures by adding
plasticity.

A. P. Green Fire Clay, Denver Fire Clay, and Lincoln
Green Stripe are naturalement fire clays.

Their range of

vitrification can be seen to start at Cone 6 reaching Cone 15.14
The kaolins include the E. P. Kaolin, Butcher China
Clay aid Cornish Stone with a pyrometric cone equivalent of
Cones 32 and 34, respectively, for the first two.15
Clayton and Kent are two native clays of Washington.
Both are plastic, but in firing they represent extremes;
Clayton will vitrify between Cone 10 to 26, 16 while Kent has
a pyrometric cone equivalent of Cone 3. 1 7

Clayton fires off

white and Kent burns a red brown.
Western Ceramics Red and Alberhill Red are both rather
plastic clays with flux in their makeup.

Both are red as

raw clay and fire to a reddish buff.
Mineral Products is an inexpensive clay to use but

14a1enn Hogue, "Clays" (lecture in pottery class at
Central Washington College of Education, Ellensburg, Washington, March, 1956).
15L. H. Butcher Company, Ceramics, VI (1947), p. 45.
16a1over, .2.E· cit., p. 360.

17Hogue, loc. cit •

19
having a low firing range with a pyrometric cone equivalent
of Cone

4. 18
Western feldspar, as with all feldspars, helps furnish

the silica in a clay body, and because it is a soda compound,
it will melt at the temperature 2012° F. 1 9
Flint is valuable in a clay mixture because it helps
to give the body hardness; yet, if the vitrification temperature is met, it melts.
silocon dioxide.

Diatomaceous earth is also a form of

Both have a high i'usion point varying from

Cone 27 to Cone 42+(2912° -

4046°

F.). 20

Clear Lake Tale is an impure hydrated magnesium
silieate. 21

The qualities of having a low fluxing action,

low shrinkage, and high thermal shock make it desirable to
use in low temperature bodies.

Its lack of plasticity makes

it impossible to use alone on the wheel.
Magnesium has a high melting point of 5072° F. and
low coefficient of expansion; because of this it is used in
some wares to help reduce the shrinkage. 2 2
Manganese dioxide was used solely as a colorant.

18Hogue, loc. cit.
20Ibid., p. 626.

22 rbid., p.

647.

19Lange, .2.E· .£.._!.,
i
p.

21Ibid., p. 632.

646.

RAW GLAZE MATERIALS
"Glazes are thin, generally homogeneous, silicate
mixtures fused on the surfaces of elaywares."

They might

be described as solid solutions except those of a crystalline strueture.23
The characteristic of a glaze after it is fired is
a hard coat ranging from a shiny surface to a rough texture
that protects the ware from water and acids.

Besides the

surface feature, a glaze may have the quality of being
opaque or transparent and any degree in between.
may also develop faults:

A glaze

crazing and shivering--the results

from the different coefficient of expansion of a glaze and
body; the first the result of a glaze being too small for the
body; the second from the result of a glaze being too large;
dunting--an extreme ease of shivering, tearing off some of
the ware; crawling--the characteristic of a glaze bunching
up, leaving some of the ware exposed. 2 4
Glazes may be classified roughly into the two oategorie s, raw glazes and fritted glazes.

Each of these may

23cullen Parmelee, Ceramic Glazes (Chicago: Industrial
Pub lie a ti ons, Ineorpora ted, 1948) , p. 1.
2 4Glenn Hogue, "Glazes" (lecture in pottery class at
Central Washington College of .Education, Ellensburg, Washington, April, 1956).

21
again be broken down into the two groups:

lead or leadless.

The classifications are based on the constituents of a
glaze. 2 5
All glazes when developed are made up according to a
formula based on the molecular ratio of certain parts of the
glaze to other parts.
parts:

Technically, the raw glaze has three

the bases, the neutrals and the acids.

Raw materials

fit into one of these categories according to the way the
ions (from the molecular structure) of each group will react
with the other groups on reaching a high enough temperature.26
The variety of the different types of bases of a glaze leads
to further classification.
Since the raw materials that go into a glaze affect
the finished glaze, the different raw materials that were
used in these experiments are examined.
The bases used in the glaze experiments consisted of:
lead, colemanite, whiting, borax, cornish stone, feldspar,
lithium carbonate, calcium carbonate, zinc oxide, magnesium
carbonate and barium carbonate.

Each material acts wholly

or partly as the base serving as a flux for the glaze.27

25parmelee, .2.E• eit., p. 6.
26Norton, .212· ~., p. 171.
27 Parmelee, .2.E· cit., p. 11.

22

Lead, the most common flux, has a wide temperature
range for maturing and usually has little crazing problems.
It is poisonous, however. 2 8
Colemanite, whiting and calcium carbonate furnish the
calcium oxide which acts as an active flux in the melt and
furnishes a hardness to the finished glaze. 2 9
Borax may be substituted for lead as a fluxing agent.
Since boric acid has a low coefficient of expansion, borax
will help prevent too much expansion and contraction of a
glaze.3°
Feldspar and eornish stone have properties that are
in all three parts of a glaze:

the bases, the neutrals and

the acids, but behave with low fluxing qualities.
is an important material in ceramios.3 1

Feldspar

Lithium carbonate helps to correct the fault of pinholes in a glaze and to give a high gloss.3 2
Zinc oxide may be either a flux or an opaeifier
producing either crystalline or matt glazes.33
The extremely high temperature required to melt magnesium carbonate limits the use of it as a flux, but it helps
2 8Parmelee,

.QJ2.

cit.,p.

26.

29Butcher,

.QJ2.

cit., p. 32.

30Lange, .2E· cit., p. 634.

31Buteher, .2.E· cit., p. 33.

32 Parmelee, .212· cit.,p. 1.
6

33Buteher, .2.12· cit.,p. 37.
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produce crystals and reduces the expansion eoefficient.34
Barium carbonate also acts as a flux at high temperatures and as a matting agent at low temperatures.

On melting

it has an extreme gloas.35
Fritts are compounds from water soluble materials
melted with non-soluble materials in order to form a crushed
glass.

Fritts are then used in glazes when there is the
danger of losing soluble raw glaze materials.3 6
Neutrals from the glaze experiments include µtrt of
the china clays, antimony oxide, and strangely enough, the

boric acid from borax.37
Any clay will help adhere the glaze to the body, but
china clay is in a purer form, therefore not affecting the
color of the melt.38
Antimony brings out a yellow color to lead glazes
and at temperatures below 2120° F. it will act as an
opacifier.39
Flint furnishes the silica (acid) needed in a glaze
giving hardness and strength and lowering the expansion

34Parmelee, .212• cit., p. 22.

35 Ibid., p. 23.

36Norton, .2.E· cit., p. 173.
37carlton Ball, "Central Washington College of Education, Pottery Workshop, Instructor, F. c. Ball" (Ellensburg:
Central Washington College of Education, Summer, 1955), p. 1.
(Mimeographed.)
3 8Parmelee, 212· cit., p. 28.

39 Ibid., p. 2 9.
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coeffieient.40
Because tin has a low solubility in glazes, it is used
to give an even opaque whiteness.

Famous Majolioa glazes

have tin as the acid part of the glaze.41
'!'he glaze formulae that were used on the clay tests
are given in Table IY.

All except LAB6C are pre-tested

glazes that have been used in various workshops.

LAB6C is

an empirical glaze by the experimenter.
TEST TECHNIQUES
The exi;eriments in this study involved blending clay
mixtures; measuring the characteristics of the wet and fired
clay bodies; and studying the results of glazed samples.
The clay bodies were mixed in percentages of dry total
weight.

After thorough dry mixing, the clays were wedged

with water to be ready for the tests of plasticity.
Plasticity was determined subjectively.

Each blend

was thrown on the wheel to see if it withstood the pressures
needed and still retained its shape.

The amount of water

needed for plasticity was measured by finding the difference
of the weights of the dry clay and the wet wedged batch.
The percentage was then figured by the formula:

40ibid., p. 30.

41rbid., p. 36.
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TABLE XV
GLAZE FORMULAE ACCORDING TO BATCH WEIGHTS*

'fizzy Cone 06 - 6
Lead carbonate
Feldspar
Frit 3134
Kaolin
Flint
Tin oxide
Epsom salts
Gum arable

1500
300

~70
20

463
150

1 teaspoon
1/8 teaspoon

El.2B Cone 04 - 4
Lead carbonate
Feldspar
Zinc oxide
Kaolin
Flint
Tin oxide
Epsom salts
Gum arable
E8 Cone 02 Lead carbonate
Barium. carbonate
Lithium. carbonate
Feldspar
Zinc oxide
E. P. Kaolin
Flint
Calcium carbonate

400
100
100
70
180
60
30

5

6
400

50

20
400

25

200

4-o
50

*Glaze formulae sources: Tizzy, El2B, and E8 from
Glenn Hogue {pottery class at Central Washington College of
Education, Ellensburg, Washington, 1956).
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TABLE IV (continued)

G20 Cone 4 - 6*
Kingman feldspar
Kaolin
Whiting
Frit 330~
Fri t 3124

60

2,5.8
40

92.5
70

Straka 16 Cone 4 - 6**
Lead carbonate
Magnesium carbonate
Clay
Whiting
Colemanite
Tin oxide
Flint

27

10

5

2i.5
17

LAB6C***
Borax

286.,50

Cornish stone
Antimony oxide
Zinc oxide

133.60
28.80

4.05

*G20 from Carlton Ball (pottery workshop at Central
Washington College of Education, Ellensburg, Washington,
Summer, 1955).
**Straka 16 from Daniel Rhodes (potteryworkshop at
University of Southern California, Los Angeles, California,
Summer, 1955).
***Empirical formula by experimenter.

wet wt. - dry wt~
Water of plasticity • (
wet wt.
) 100
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Fired tests of the clay also included total linear
shrinkage.

The same shrinkage formula was used, only substituting fired line length for the dry line.42
Along with the linear shrinkage, tests were made to
determine the apparent vitrification, water absorption and
glaze fit.

Each dried bar was suspended between two bricks

and then fired to Cone 4.

The amount of warpage and sag

that occurred during the firing helped show the vitrification.
The water of absorption also gave the apparent vitrification
by the fact that the nearer to its vitrification point a
clay reaches, the less water it will absorb.43

To test this

each fired bar was weighed, boiled in water for two hours,
surface water removed, and then weighed again.

To test the

per cent of water absorption, the following formula was used:
Per cent of water absorption •
(

wet fired wt. - dry fired wt·)
44
dry fired wt.
100.

42Lange, £!?· cit., p. 635.
43a1enn Hogue, "Discussion of Clay Mixture" (lecture
in pottery class at Central Washington College of Education,
Ellensburg, Washington, 1956).

44Lange, loc. ill·
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Glaze tests were studied from samples painted on test
tiles made from the different batches of clay.

The tiles

were bisqued, painted with glaze and refired at Cone

4.

When

the faults of glazing such as erazing, crawling and dinting
were noticed, an imperfect fit of glaze and body occurred.

CHAPTER IV
RESEARCH
INDIVIDUAL CLAY AND GLAZE TESTS
The following pages of clay and glaze tests give the
results of the series of experiments showing the wet and
fired properties of each test body:

the composition of

materials in the blend, the condition of plasticity, the
per cent of water of plasticity, the linear shrinkage of
the dry and fired bar, the absorption of water after firing
to show the apparent vitrification, the color of the test
piece, and the glaze tests on each.
The test Numbers 6, 7, 8, 9, 12 and 21 were taken
from previous sources but were tested in the present experiments for the first time at Cone 4. 1 The blend of test body
Number 27 was retested, 2 and the blends, Numbers 28 and 45,
were suggested but not tested until the present study.3
Table

V gives a chart of all the test samples wherein

certain characteristics of each blend may be compared.
1carlton Ball, "Clay Tests" (Ellensburg: Pottery
Class, Central Washington College of Education, Summer, 1955).
(Photographed sheet.)
2 statement by Donald Sheppard, May, 1956.
3Discussion by Glenn Hogue, March, 1956.
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TEST BODY

6

Materials by Per Cent of Dry Weight

. . • • • • • • 30
Lincoln Fire Clay, Green Stripe • • • • . . . . . . •• 20
Flint . . . . . . . . . . . . . . . . . . . . . .
• 25
Clear Lake Talc . . . . . . . . . . . . . . . . . . • • 5
Feldspar, Western . . .
• 20
...
• • • •
Kentucky Ball, Old Mine

#4 • • • .

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

20

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Cream white

Glaze tests:

Tizzy
E~B

EB

2.6

Mature body, but warped

12
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TEST

BODY 7

Materials by Per Cent of Dry Weight

. . . . . . . . • 20
Lincoln Fire Clay, Green Stripe • • . . . . . . . • • . 30
Flint • • •
• • • • • •
. . . . . . •• 20
Talc, Clear Lake . . .
. . . . . . . . . . . • 10
Feldspar, Western •
. . . . . . . . . . • • 20
•
Kentucky Ball, Old Mine

#4 • . . .

•

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

20

Buff
Fired Properties at Cone

4

Total linear shrinkage in per eent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Medium grey khaki

Glaze tests:

Tizzy
El2B

EB

2.83

Mature body, but warped

13
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TEST BODY 8
Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine

#4 • • . . . . . . • . • . . . • 25

Lincoln Fire Clay, Green Stripe
Flint

• • • • • • • • • • • • 25

. . . . . . . . •• 30
.................• • 5
. . . . . . • 15
• • . . . . . . .

• • • • • • • • • • • • •

Talc, Clear Lake •
Feldspar, Western

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

20

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Cream white

Glaze tests:

Tizzy
El2B

E8

Not mature

4.03

8
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TEST BODY 9
Materials by Per Cent of Dry Weight

. . . . . • • 20
Alberhi 11 Red . . . . . .
. . . . . . . . . 40
Flint • • • • . . . . . . . . . . . . . . . . . . . . • 25
Feldspar, Western . . . . . . . . . . . .
. . . • • 15
Kentucky Ball, Old Mine

#4

......

Wet and Dry Pr ope rtie s
Plasticity:

Good

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

30

Brick
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Dark rust

Glaze tests:

Tizzy
El2B

EB

2.73

Mature but warped, strong

13
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TEST BODY 12
Materials by Per Cent of Dry Weight

. . . • • . 45
Alberhill Red . . . . . . . . . . . . . . . . . . • • • 15
Flint • • • • •
. . . . . . . . . . . . . . . . •• 20
Feldspar, Western . . . . . . . .
. . . . . • • 20
Kentucky Ball, Old Mine

#4 .

• • • • • • • •

Wet and Dry Properties
Plasticity:

Good

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

20

Buff
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Mature, strong

Medium yellow buff

Glaze tests:

Tizzy
El2B

EB

2.0

12
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TEST BODY 21
Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine
A. P. Green Fire Clay

#4
••

......

. . . . . . . . • 30

. . . . . . . . . . 50

. . . . . . . . • . . . . • 1.5
Tale, Clear Lake •• . . .
.... . . . . . . . . . 5
Manganese dioxide . . . .
............. 2

Flint

• • • • • • • • •

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:
6

Linear shrinkage in per cent of wet length:
Color:

20

Dark grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight: 7.18
Apparent vitrification:
Color:

Medium grey khaki

Glaze tests:

Tizzy
El2B

EB

Not mature, but quite strong

11
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'!'EST BODY 26
Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine

#4

• • • • • • • • • • • • • •

Talc, Clear Lake • • • • • • • • • •
Clayton

• • • • • • • • • • • • • •

• 25

. . . . . . . • 25
. . . . . . . • 50

Wet and Dry Properties
Plasticity:

Tends to be short

Water of plasticity in per cent of dry weight:

6

Linear shrinkage in per cent of wet length:
Color:

25

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Light tan

Glaze tests:

Tizzy
El2B

EB

Warped, mature

.4

12
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TEST BODY 27
Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine
A. P. Green Fire Clay

#4
• •

• • • •

..

. . . . . . . . . ••

• 50

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

25

5

Linear shrinkage in per cent of wet length:
Color:

Medium grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per eent of dry weight:
Apparent vitrification:
Color:

Off white

Glaze tests:

Tizzy
E12B

E8

Immature

50

15

10
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TEST BODY 28
Materials by Per Cent ot Dry Weight

.........
Kentucky Ball, Old Mine #4 . . . . . . . . . . . . • •
....
A. P. Green Fire Clay . . . . . . . . . .
Mineral Products • • • • • •

. 60
• 20
• 20

Wet and Dry Properties
Plasticity:

Good

Water of plasticity in per cent of dry weight:
Linear shrinkage in per cent of wet length:
Color:

30

2

Warm grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Tizzy
EUB

EB

0

Past vitrification stage - warped

Light speckled grey

Glaze tests:

13
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TEST BODY 29
Materials by Per Cent of Dry Weight
Mineral Products • • • • •
Kentucky Ball, Old Mine
Butcher China

#4 • . . .

• • • • • •

.......
. . .....
.......

• • •

• •

• • • 60

• • 25
. 15

Wet and Dry Properties
Plasticity:

Rubbery

Water of plasticity in per cent of dry weight:
6

Linear shrinkage in per cent of wet length:
Color:

30

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Wh.i te

Glaze tests:

Tizzy
El2B

E8

.0347

Over-mature and warped

14
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TEST BODY 30
Materials by Per Cent of Dry Weight

. . . . . . . . . . . . . 65
Kentucky Ball, Old Mine #4 . . . . . . . . . . . . . . • 20
Talc, Clear Lake • . . . . .
......
. 15
Mineral Products • • • • • • •

Wet and Dry Properties
Plasticity:

Cracks on height

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

30

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

White

Glaze tests:

Tizzy

El2B

EB

.254

Vitrified but warped

12

TEST BODY 31
Materials by Per Cent of Dry Weight

. . . • • . . . . . • • • •• 84
E. P. Kaolin • • • • • • . . . . . • • . . . . . . . . • 15
Bentonite . . . . . . . . . . . . . . . . . . . . . . .
Mineral Products • • • • •

1

Wet and Dry Properties
Plasticity:

Sticky

Water of plasticity in per cent of dry weight:

4

Linear shrinkage in per cent of wet length:
Color:

25

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

White

Glaze tests:

Tizzy
El2B

EB

.475

Over-mature, warped and weak

13
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TEST BODY 32
Materials by Per Cent of Dry Weight
Mineral Products • • • • • • • • • • •
Kentucky Ball, Old Mine

#4 . . . . . .

Lincoln Fire Clay, Green Stripe
Flint

.

.

..•

Wet and Dry Properties
Plasticity:

Good

Water of plasticity in per cent of dry weight:

30

4

Linear shrinkage in per cent of wet length:
Color:

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Light grey white

Glaze tests:

Tizzy
El2B

EB

50
20

• 20

• •

• • • • • • • • • • • • • • •

. . . . . . . ••
...... ..•

13

.0325

Mature, warped slightly, strong

10
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TEST BODY 33
Materials by Per Cent of Dry Weight

........• • .
Kentucky Ball, Old Mine #4 • • • . . . . . . .
.. •
Butcher China . . . . . . . . • •
........•
Flint . . . . . . . . . . . . . . . . . . . . .
•
Mineral Products • • • • •

..

Wet and Dry Properties
Plasticity:

Sticky

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

25

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

White

Glaze tests:

Tizzy
El2B

E8

10

Not mature, warped

10

50
10
20
20
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TEST BODY

34

Materials by Per Cent of Dry Weight

. . . . . • 50
Kentucky Ball, Old Mine #4 . . . . • .
. . . . ••• 25
Flint . . . . . . . .
...
. . . . • • 15
Talo, Clear Lake . . . . . . . . . . . .
. . . . . • 10
Mineral Products • • • • • • • • • • • •

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

25

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Light white

Glaze tests:

Tizzy
E~B

EB

Not

7.4

mature, warped

10
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TEST BODY

35

Materials by Per Cent of Dry Weight

............•
Kentucky Ball, Old Mine #4 . . . . . . . . . . . . . .
Lincoln Fire Clay, Green Stripe . . . . . . . . . . .
Alberhill Red • • •
• • • • . . . . . . . . . . •
Flint . . . . . . . . . . . . . . . .
....
Mineral Products • • • • • •

• 30
• 30
• 20
• 10
• 10

Wet and Dry Properties
Plasticity:

Good

Water of plasticity in per cent of dry weight:

6

Linear shrinkage in per cent of wet length:
Color:

30

Grey buff
Fired Properties at Cone

4

Total linear shrinkage in par cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Me di um khaki

Glaze tests:

Tizzy
El2B

EB

13

.92

Mature, warped slightly, strong
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TEST BODY

36

Materials by Per Cent of Dry Weight

.. • • ........
......
...

75

Mineral Products • • • •
Flint

......

•• 25

Wet and Dry Properties
Plasticity:

Cracks

Water of plasticity in per cent of dry weight:

6

Linear shrinkage in per cent of wet length:
Color:

20

Light
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

White

Glaze tests:

Tizzy
E~B

E8

9

Not mature, but strong

10
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TEST BODY 37
Materials by Per Cent of Dry Weight

. . . . . . . . . • 30
Kentucky Ball, Old Mine #4 •
• • . . . . . . . . . • 30
Lincoln Fire Clay, Green Stripe • • . . . . . . . . •• 20
Alberhi 11 Red • • •
• • • • . . . . . . . . . . . • 10
Clayton . . . . . . . . . . . .
. . . . . . . . . • 10
Mineral Products • • • • • • • • • •

Wet and Dry Properties
Plasticity:

Rubbery, yet cracks

Water of plasticity in per cent of dry weight:

7

Linear shrinkage in per cent of wet length:
Color:

50

Grey buff
Fired Properties at Cone

4

Total linear shrinkage in per oent of plastic length:
Absorption in per cent of dry weight:
Apparent vitri.fieation:
Color:

Buff

Glaze tests:

Tizzy
El2B

EB
LAB6

Immature

10

10
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TEST BODY 38
Materials by Per Cent of Dry Weight

. . . . . . . . . . . . . . . . . . • 30
Kentucky Ball, Old Mine #4 • . . . . .
. . • • . . • 20
Butcher China . . . . . . . . . . . . . .
. . . . • 20
Diatomaeeous Earth • •
. . • • 20
......
Magnesium . . . . . . . . . . . . . . . .
. . • 10
Mineral Products •

Wet and Dry Properties

Plasticity:

Sticky, yet fibrous texture

Water or plasticity in per cent

or

dry weight:

4

Linear shrinkage in per cent of wet length:
Color:

50

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Off white

Glaze tests:

Tizzy
El2B

EB

11

18

Not mature, very weak, glaze chips
body
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TEST BODY 39
Materials by Per Cent of Dry Weight
Mineral Products • • • • • • • • • • • • • • • • •
Kentucky Ball, Old Mine
Flint

#4 • • • . • . . . • •

...........

.....

Tale, Clear Lake • • • • • •

..

..
..

• 50
• 20

• • 20

........

• • 10

Wet and Dry Properties
Plasticity:

Cracks

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

25

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrifie•tion:
Color:

Off white

Glaze tests:

Tizzy
El2B

EB

Immature

15

12

50
TEST BODY

40

Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine

#4 . . • . .

Lincoln Fire Clay, Green Stripe
Flint

. . . . . . . . . • 45

• • • • • • • • • • • • 10

. . . . . . . . . . . . . . . . . . . . . . . . . 35

Talc, Clear Lake • • • •

...

•

• • •

.......

• • 10

Wet and Dry Properties
Plasticity:

Good, but cracks on height

Water of plasticity in per cent of dry weight:
Linear shrinkage in per cent of wet length:
Color:

30

7

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Off white

Glaze tests:

Tizzy
E~B

E8
G20

Straka 16

11

Not mature, glaze chips body

10
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TEST BODY

41

Materials by Per Cent of Dry Weight
Mineral Products • • • • • • • • •
Kentucky Ball, Old Mine

#4 • • • •

........•
•

• • 30

• • • • • • • • • • 20

. . . . . . . . . . . . . . . . . . . • • 20
Flint • • • • . . . . . . . . . . . . . . . . . . . • • 20
Tale, Clear Lake •
. . . . . . • • 10
.....

Butcher China

Wet and Dry Properties
Plasticity:

Poor

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

25

Grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

White

Glaze tests:

Tizzy
El2B

EB

Not mature

11.l

9
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TEST BODY

42

Materials by Per Cent of Dry Weight

.....

Mineral Produots • • • • • •

•
...
............. ....•
• • • . . . . . . . . . . . . . . . . •

Kentucky Ball, Old Mine
Butcher China
Cornish Stone

#4

• 33
• 11

• 33
• 23

Wet and Dry Properties
Plasticity:

Sticky on wheel but fired well

Water of plasticity in per cent of dry wei@tl.t:

5

Linear shrinkage in per cent of wet length:
Color:

30

Warm grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Light buff

Glaze tests:

Tizzy
El2B

EB

30

Not mature, very weak

9
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TEST BODY

43

Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine

Lincoln Fire Clay, Green Stripe
Butcher China

• • • •

Tale, Clear Lake • • •

..

.•

Wet and Dry
Plasticity:

• 20
....
. . . . . . . . • • .50
. . . . . . . . . . • 10
. . . • • 10
•

#4 . . . .

•

~roperties

Fair

Water of plasticity in per cent of dry weight:
Linear shrinkage in per cent of wet length:
Color:

30

10

Warm grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Medium khaki

Glaze tests:

Tizzy
El2B

EB

.24

Mature but warps

13
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TEST BODY

44

Materials by Per Cent of Dry Weight

. . . . . . . . . . . . . • 70
Kentucky Ball, Old Mine #4 . . . . . . . . . . . .
• 15
E • P. Kaolin • • . . . . . • • . . . . . . . . . . . • • 10
Mineral Products • • • • • •

...

Talc, Clear Lake • • • • • • • • • • • • •

• • 5

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

5

Linear shrinkage in per cent of wet length:
Color:

25

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Grey

Glaze tests:

Tizzy
E~B

E8

.60

Mature, strong, warped

11
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TEST BODY

45

Materials by Per Cent of Dry Weight
Kentucky Ball, Old Mine
E. P. Kaolin • • • • •
Flint

#4 .

......

. . . • 25

. • • • • • • • • • • • • • • 10

. . . . . . . . . . . . . . . . . . . . . . . . • 23

. . . . . . . . . . . . . 15
Feldspar • • • • • . . . . .
. . . . . . . . . • 25
Bentoni te . . . . . . . . . . . . . . . . . . . . . . . 2
Tale, Clear Lake • • •

• •

Wet and Dry Properties
Plasticity:

Fair

Water of plasticity in per cent of dry weight:

6

Linear shrinkage in per cent of wet length:
Color:

20

Light grey
Fired Properties at Cone

4

Total linear shrinkage in per cent of plastic length:
Absorption in per cent of dry weight:
Apparent vitrification:
Color:

Warm white

Glaze tests:

Tizzy
El2B

E8

10

Not mature, warped extremely

5

56
TABLE

V

TEST BODY COMPOSITIONS AND CHARACTERISTICS

Raw Materials
and Characteristics

Cla~ody

Mineral Products
Kentucky Ball, Old Mine #4
A. P. Green Fire
Lincoln Fire Clay, Green Stripe
Alberhill Red
E. P. Kaolin
Butcher China
Flint
Talc, Clear Lake
Feldspar, Western
Clayton
Bentonite
Diatomaceous Earth
Cornish Stone
Magnesium
Manganese dioxide
Plasticity**

Number

6

7

8

9

12

30

20

20

45*

20

30

25
25

4o

15

25

20

30

20
20

20

20

15

5

25
15

F20

F20

F20

GJO

G20

5

10

Drying shrinkage, linear

%

5

5

5

5

5

Firing shrinkage, linear

%

12

13

8

13

12

Fired absorption
Fired color, Cone 4***

2.6
tL

2.8
b.M

4
tL

2.7
bD

2
bL

*Percentage amounts given in relation to dry weight.
**Plasticity is judged by the experimenter as Poor - P;
Good - G; Fair - F; Excellent - E.
***Color judged by: white - w, grey - g, buff - b,
tan (more yellow than buff) - t; tone: light - L, medium M, dark - D.
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TABLE

V (continued)

Clay Body Number
21
26
27
28
29

Raw Materials

and Characteristics
Mineral Products
Kentucky Ball, Old Mine #4
A. P. Green Fire
Lincoln Fire Clay, Green Stripe
Alberhill Red
E. P. Kaolin
Butcher China
Flint
Talc, Clear Lake
Feldspar, Western
Clayton
Bentonite
Diatomaceous Earth
Cornish Stone
Magnesium
Manganese dioxide
Plasticity**
Drying Shrinkage, linear
Firing shrinkage, linear

%
%

30

50

60
20
20

15
15

5

25
50

F20

P25

F25

F30

P30

6

6

5

2

6

11

12

10

13

14

15

0

wL

gL

.4

Fired absorption
Fired color, Cone 4~"**

50
50

25

bM

tL

.03
gL

*Percentage amounts given in relation to dry weight.
**Plasticity is judged by the experimenter as Poor - P;
Good - G; Fair - F; Excellent - E.
***Color judged by: white - w, grey - g, buff - b,
tan (more yellow than buff) - t; tone: light - L, medium M, dark - D.
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V (continued)
Clay Body Number
30
31
32
33
34

Raw Materials
and Characteristics
Mineral Products
Kentucky Ball, Old Mine #4
A. P. Green Fire
Lincoln Fire Clay, Green Stripe
Alberhi 11 Red
E. P. Kaolin
Butcher China
Flint
Talc, Clear Lake
Feldspar, Western
Clayton
Bentonite
Diatomaceoµs Earth
Cornish Stone
Magnesium
Manganese dioxide
Plasticity**

Firing shrinkage, linear

%
%

50

20

10

15

20
10

15

50*
25

20

15
10

1

P25

4.

5

13

12

gL

G30

F25

F30

5

5

5

13

10

10

:3

.5

.3

Fired absorption

4***

50

20

P30

Drying shrinkage, linear

Fired color, Cone

84

65

20

gL

gL

7.4

10

wL

wL

*Percentage amounts given in relation to dry weight.
**Plasticity is judged by the experimenter as Poor - P;
Good - G; Fair - F; Excellant - E.
***Color judged by: white - w, grey - g, buff - b,
tan (more yellow than buff} - t; tone: light - L, medium M, dark - D.
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V (continued)

Raw Materials

35

and Characteristics
Mineral Products
Kentucky Ball, Old Mine #4
A. P. Green Fire
Lincoln Fire Clay, Green Stripe
Alberhill Red
E. P. Kaolin
Butcher China
Flint
Tale, Clear Lake
Feldspar, Western
Clayton
Bentonite
Diatomaceous Earth
Cornish Stone
Magnesium
Manganese dioxide
PlasticitY**
Drying shrinkage, linear
Firing shrinkage, linear

%
%

c1az Bodz Number
36
38
37
39

30
30

75

20
10

30
20

50*

20

20
10
20

25

10

20
10
10
20
10

P50 P50

G30

20

6

6

7

4

5

13

10

10

11

12

9

10

18

15

wL

bM

wL

wL

Fired absorption

.9

Fired color, Cone 4~}**

30
30

tM

P25

*Percentage amounts given in relation to dry weight.
is judged by the experimenter as Poor - P;
Good - G; Fair - F; Excellent - E.
~·Plasticity

***Color judged by: white - w, grey - g, buff - b,
tan (more yellow than buff} - t; tone: light - L, medium M, dark - D.

82518
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TABLE

V (concluded)

Raw Materials
and Characteristics
Mineral Products
Kentucky Ball, Old Mine #4
A. P. Green Fire
Lincoln Fire Clay, Green Stripe
Alberhill Red
E. P. Kaolin
Butcher China
Flint
Talc, Clear Lake
Feldspar, Western
Clayton
Bentonite
Diatomaoeous Earth
Cornish Stone
Magnesium
Manganese dioxide

Clay Body Number
40

45

41

42

30

33

20

11

10

4.5

70*

20

15

25

10

10

50

10

35

44

!i3

20
20
10

33

10

23

5

10

15
25

10

2

23
G30

P25

P30

F30

F25

F20

Drying shrinkage, linear%

7

5

5

10

5

6

Firing shrinkage, linear ~

10

9

9

13

11

5

Fired absorption

11

11.1 30

wL

wL

Plasti ci ty~a

Fired color, Cone

4-hU.l-*

bL

.6

.2

tM

gL

10

wL

*Percentage amounts given in relation to dry weight.
**Plasticity is judged by the experimenter as Poor - P;
Good - G; Fair - F; Excellent - E.
***Color judged by: white - w, grey - g, buff - b,
tan (more yellow than buff) - t; tone: light - L, medium M, dark - D.

RESULTS OF CLAY AND GLAZE TESTS
On reviewing the results of the clay tests, certain
qualities of the different blends should be noticed.
Of the fifteen body mixtures with a portion of
Mineral Products clay, seven were past their vitrification
stage as indicated by the water absorption test and the
warpage.

None of the Mineral Products mixtures matured

that did not warp, and some (Numbers 33,
without even being mature.
however.

34

and

42)

warped

Four bodies showed promise,

Numbers 32, 35, 36 and

44

were strong after firing.

Of these, Numbers 36 and 32 showed the least warpage.

For

working qualities on the wheel the four tests of 32, 35 and

44

gave the best results.

This means that body Number 32

won out as having the best average.

The test body Number

44

measured the least shrinkage results.
From the rest of the eleven blends of clays, only
one warped to a great extent, and two were past their vitrification stage (tests 45, 6 and 7, respectively).

Body

Numbers 9 and 12 proved to be good on the wheel, mature and
strong.
Only two bodies developed glaring glaze defects,
although quite a few bodies were not mature.

Body Number

40

was so weak that the glaze showed signs of dunting by chipping the ware off with the glaze.

The body was chalky in

62
appearane&.
tested.

It gave this defect on four of the five glazes

Test 38 showed the same fault to a lesser degree.
A total of seven bodies resulted from all the clay

blends tested that gave fair results.

CHAPTERV
CONCLUSIONS
IMMEDIATE CONCLUSIONS
The hope of finding a elay blend that would produce
a body with all the desired characteristics of:

having

plasticity or workability on a wheel; having a mature firing
range at Cone

4,

giving enough refractoriness to withstand

the heat, yet be vitrified; being economical and easily
accessible for Central Washington College of Education did
not prove entirely successful.
The cause of the success or failures of separate
factors can be deduced from the results of the tests.
Since Mineral Products clay is inexpensive, it was
hoped that a body could be developed from the use of this
clay in a blend.

From the large percentage of blends that

had Mineral Products clay (fifteen tests out of twenty-six),
one could be judged as giving fair or better results on the
main characteristics of plasticity, strength, little warpage
indication, and mature body stage.
Clay body Number 32 proved to be the best of the
Mineral Products clay blends.

Undoubtedly the plasticity

of this blend was the result of a total of 70 per cent of
Mineral Products and Kentucky Ball clay.

The 10 per cent

64
flint in the mixture gave the body its hardness.

The Lincoln

Fire clay of 20 per cent and flint kept the body from complete vitrification as shown by the .03 per cent of the water
absorption test.
Number 36 test showed surprising results.
tested as being strong.
Mineral Products and

25

Since

75

It, too,

per cent of its body was

per cent was flint, the Mineral

Products clay showed its low fluxing action by knitting the
flint particles together, while the flint gave it strength.
It still lacked maturity, however.
An interesting blend, Number

38, with diatomaoeous

earth that has a very high firing range, lacked maturity by
a wide margin (18 per cent water absorption).

This immaturity

caused the body to completely chip off under the glaze.

The

glaze, in other words, was stronger than the body.
The greater percentage of warpage failure among the
Mineral Products mixes proves that the pyrometric cone
equivalent of a blend of Mineral Products cannot be raised
without causing trouble.
Among the non-Mineral Products clay blends, all tested
fair or better for plasticity.

As Kentucky Ball clay was

used in all of these blends in amounts of 20 per cent or
over, the noted wheel working qualities of this clay proved
true.

The lack of flint in some of the tests showed the

65
result of warpage in every case.

The lack of flint in test

43

The fire clays used with

caused warpage in the firing.

the Kentucky Ball clay raised the vitrification level of
~e bo~.

Since all blends of clays need the component parts
of a flux that will melt at the required temperature, a
filler that will keep the body from fusing completely, and

a flint that will give the body hardness and strength, this
latter group of clay mixes were more successful by meeting
these requirements for Cone

4.

FURTHER POSSIBILITIES
Clay research at the present is empirical.

The

impurities present, or the unevenness of the chemical content
of the batches of clay; the impossibility of amateur potters
to keep constant kiln conditions from one firing to the next;
all add up to inaccuracies of controlled research.

Further

possibilities of new blends of clays to produce any desired
ware will come, not alone by the mathematical combinations
of different clays and materials, but by greater understanding
and more accurate controls of the characteristics of clay,
and developing new synthetics to use with the clay materials.
As in an atomic explosion, when one reaction sets off
adjoining reactions, so will more experiments in pottery
make it possible for still further developments in ceramics.
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